Background: While next-generation sequencing (NGS) has been applied to thousands of solid tumors to date, there exists a fundamental undersampling bias inherent in current methodologies. This is caused by a biopsy input sample of fixed dimensions, which becomes grossly under-powered as tumor volume scales. Indeed, analysis of pancancer data reveals that current protocols sample on average only 1.5% of cancer cells, decreasing to 0.3% for stage IV tumors. Failure to address this bias risks undermining the clinical utility of genomic medicine in cancer.
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Methods: Here we demonstrate Representative Sequencing (Rep-Seq), as a novel method to achieve unbiased sampling of solid tumor tissue. The Rep-Seq protocol comprises homogenization of all residual tumor material not taken for pathology into a well-mixed solution, coupled with NGS. Rep-Seq was implemented on a proof of concept basis in > 10 tumors, and benchmarked against single and multi-region sequencing approaches. Results: Rep-Seq achieved a linear rate of novel variant discovery in whole-exome sequencing across 0 to 5,000x coverage, detecting four-fold more mutations as compared to multi-region sequencing at equivalent total read depth. All variants were validated using custom panel and Ion Torrent platforms. Targeted panel Rep-Seq at 50,000x showed sensitivity to detect extreme parallel evolution, with 16 independent mutations in the gene SETD2 observed in a single tumor. Clonal clustering analysis revealed rapid convergence of cancer cell fraction estimates in Rep-Seq towards true values, as validated in > 70 biopsies taken from a single tumor. As a consequence, 97% of variants were correctly classified as clonal by Rep-Seq, compared to > 85% in single biopsy sequencing. Finally, in a rapid autopsy setting Rep-Seq was able to accurately reconstruct the clonal phylogency of advanced stage disease, recovering a high proportion of all primary and metastatic variants, from deep sequencing of primary tissue alone. Conclusions: Rep-Seq effectively implements unbiased tumor sampling, drawing DNA molecules from a well-mixed solution of the entire tumor mass, hence removing spatial bias inherent in current approaches. As a result, Rep-Seq detects more mutations, and achieves greater accuracy in determining clonal from subclonal variants. Legal entity responsible for the study: The Francis Crick Institute. Shandong Cancer Hospital, Jinan, China Background: As a mostly used epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor (TKI), gefitinib significantly prolongs survival of lung adenocarcinoma patients with EGFR mutations. However, more than 10% of EGFR mutation-positive patients do not respond and a substantial fraction of responded patients progress after 8-12 months' treatment. Identification of new biomarkers for EGFR-TKIs prognosis is vital. The objective of this study is to explore associations between MDM4 genetic variant and survival of lung adenocarcinoma patients treated with gefitinib. Methods: 384 patients with stage IIIB or IV lung adenocarcinoma were recruited between January 2009 and June 2013. Patients were treated with gefitinib orally at a daily dose of 250 mg as 1st-line monotherapy. MDM4 rs4245739 A>C genotypes were determined using MassArray system. Dual luciferase reporter gene assays evaluated the function of MDM4 rs4245739 genetic variant in lung adenocarcinoma cell lines A549 and H1299. The differences of patient clinical characteristics were calculated by student's t test or v 2 test. Survival differences were examined by log-rank test. Multivariate Cox regression analysis assessed prognostic factors for PFS or OS. Two-sided P < 0.05 indicated a significant difference. Results: Among 384 patients, EGFR mutations were positive in 181 patients (47.1%). Median progression-free survival (PFS) and overall survival (OS) for all patients with the rs4245739AC genotype were significantly longer than that of the AA carriers (PFS: 22.9vs.10.9 months, P < 0.001; OS: 27.3vs.16.5 months, P ¼ 0.003). Notably, in the EGFR mutant subgroup, individuals with MDM4 rs4245739AC genotype showed 14.1 months prolonged PFS (28.8 months vs. 14.7 months; P ¼ 0.022) and 12.2 months prolonged OS (31.4 months vs. 19.2 months; P ¼ 0.047) compared to the AA group. Reporter gene assays showed that the rs4245739A allele leads to significantly increased MDM4 expression in lung adenocarcinoma cells compared to the C allele (P < 0.05). Conclusions: MDM4 rs4245739 genotypes may act as prognostic biomarker for patients' survival to gefitinib therapy and offer help to individualized treatment in lung adenocarcinoma patients with EGFR mutations. Legal entity responsible for the study: Nasha Zhang. Funding: Has not received any funding. Disclosure: All authors have declared no conflicts of interest.
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